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Exposing mice to UV radia tion in the UVB range (280- 320 
nm) causes a selective immune suppression that contributes 
to t h e d e v e lopment of UVB-induced skin can cers. Am on g 
the immune responses suppressed by UVB irradia tion are 
contact and delayed h ypersensitivity reaction s to h aptens 
admini s tered a t unexposed sites. In th ese s tudies we pro-
vide evid en ce th a t delayed and contact hypersensitivity to 
rhe same hapten are n o t equivalent reactions and that they 
are s uppressed in UVB-irradiated mice b y 2 different 
mechanisms . This conclusio n is based o n the findings that : 
(1) suppression of contact h y p ersensitiv ity could not be 
ove rcome by immunizing UVB-irradiated mice with hap-
ten-coupled antigen-presenting cells d erived from normal 
donors; and (2) treatment of UVB-irradia ted mice with 
methylprednisolone b efo re immunization prevented the 
E xposure to UVB (280-320 nm) radiation brings about several alterations in immunologic reactivity in addi-tion to ca usin g ca ncers of the skin. Fo r. exa mple, chron-ically UVB-irradiated mi ce are un able to rej ect highl y antigenic skin cancers induced by UVB radiation (1], 
and this impairment is associated w ith the development of sup-
pressor T lymphocytes (Ts) that prevent the rejection of trans-
planted [2-4] and primary [5] UV B-induced skin cancers . F1 hy-
brid mice g1ven a course of UVB 1rrad1atton are un able to prov1dc 
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Abb reviations: 
APC: antigen-presenting ce lls 
CHS: contact hypersensi ti vi ty 
D H S: delayed hypersensitivity 
DNCB: dinitroch lorobenzene 
HBSS: Hanks' balanced salt solution 
NR: n ormal 
TN BS: trinitrobenzcne sulfonate 
TNCB: trinitrochlorobenzene 
TNP- EC: trinitrophenyl-coupled epiderm al ce lls 
TNP- SC: trinitrophenyl-couplcd spleen cells 
Ts: suppressor T lymphocytes 
UVB: ultraviolet radiation in the 280-320 range 
suppression of d elayed h y p ersen siti v ity but had n o effect 
on the suppressio n of contact h ypersensitivity. 
The decreased ability to induce contact h ypersensitivity 
in UVB-irradiated mice could be tran sferred to x-irradiated 
mice b y reconstituting them with spleen cells from UVB-
irradiated donors. The inductio n of h apten- specifi c sup-
pressor cells , h owever, required both UVB irradiation and 
priming w ith h apten . Based o n these results, we postulate 
that UVB irradiatio n induces a p o pulation of suppressor-
inducer ce lls with specificity for a m odified skin anti gen 
and that this an tigen serves as a carri er molecu le for h apten s 
that induce contact h ypersen siti v ity and for tumor-specific 
tran splantation antigens o n UVB-indu ced tumors . J h111est 
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the host component of a local graft-versus-host reaction when 
parental lym phoid cells arc inj ected in to their footpads [6, 7). In 
addition, UVB-irradiated mi ce and guinea pigs have impaired 
delayed hypersensiti vity (DHS) and contact hypersensitivity (CHS) 
reactions [6,8-14]. 
It is important to understand the cellular mechanisms involved 
in UVB-induced immunos uppression fo r severa l reasons. First, 
UVB-induccd immunosuppression plays an important role in the 
development and pathogenes is of prim ary skin cancers (5]; thus, 
understanding the cellul ar basis for this impaired reactivity m ay 
provide useful clues for preventing or treating UV-induced sk in 
ca ncers. Second, there is increasing evidence that expos ure of 
humans to UV radiation brings about immunologic alterations 
[1 5-1 8), and studies in animal models provide a means to un-
derstand the mechanisms and significance of these changes. Third, 
the immunosuppressive effects of UVB radiation are highly se-
lective , in that many immune responses are unaffected (e. g. , an-
tibody formation and allograft rejection) [6, 19]. This unusual 
selecti vity provides an opportunity to in vestigate differences in 
the immunologic pathways utilized by va rious antigenic stimuli . 
In recent yea rs , m:my studies have addressed the mechanisms 
by which UV B irrad iation interferes w ith the induction of DHS 
and CHS re:1ctions to antigens administered at unexposed sites. 
T he suppression of DHS, measured by injection of dinitrochlo-
robenzenc (DNCB) in dim eth yl sul foxide in to the footpad [8] o r 
trinit rophenyl-couplcd spleen cells (TNP-SC) into the footpad 
[9] or the ear [20], appears to res ult from a transient redistribu tion 
of spleni c antigen-presenting cells (A PC) in response to UVB-
induced inflamma tion [8, 9,20- 25). Because of the m any similar-
ities between CHS to trinirrochl o robcnzene (T N CB) and DHS 
to syngeneic cells coupled w ith TNP, we and others have used 
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these reactions interchangeably [9,20,26] and have assumed that 
they are suppressed by the sa me mechanism following UVB ir-
radiation of distant skin . However, we noted recently a maj or 
dissimilarity between these 2 reactions: although UVB-irradiated 
mice could be immunized effe ctively for DHS by a s.c . inj ection 
of TNP-SC derived fro m norm al mice, this procedure did not 
restore the C H S reaction measured by painting T N C B on the 
ears [27, 28]. This result sugges ted that C HS and D HS reactions 
arc not equivalent and that th eir suppression by UVB radiation 
could be mediated by differen t mechanisms. 
These studies explore this possibility furth er and provide evi-
dence that different mechanisms are involved in the suppression 
of DHS and C H S by UVB radiation. Based on these res ults, we 
present an hypothesis to ex plain some o f the steps involved in 
the sys temic suppression o f C HS and the rejection ofUV -induced 
skin cancers. 
MATE RIALS AN D METHO DS 
Mice Specifi c-pathogen-free female mice of the in bred strain 
C3H /HeN Cr (MTV -) (C3 H-) were obtained from the NCI-Fred-
erick Cancer Resea rch Facility Animal P roduction Area . T he mice 
were 8-12 weeks old at the start o f an experim ent and, within a 
single experiment, the age o f the mi ce did no t vary by more th an 
1 week. The mice had free access to NIH Formula 31 feed and 
chlorin ated water (10-15 ppm) and were housed in roo ms w here 
ambient lightin g was regulated auto matically on a 12-h light-dark 
cycle. 
UV Treatment UVB radiation was provided by a bank of 6 
FS40 sunlamps (Westin ghouse, Bloomfield, N ew Jersey), which 
emit approximately 70% of their radiation within the UV B (280- 320 
nm ) range. The irradiance of the source averaged 10 W / m2 , as 
measured by an 1 L700 radio meter (International Light, Inc. , 
N ewburyport , Massachusetts) usin g a PT171 C UVB detector 
fitted with a WB320 filter and an A 127 quartz diffuser. Beca use 
of shielding by the cage lid , the incident radiation received by 
the shaved do rsal skin of the mice was approximately 4. 5 W / m2 , 
and the total dose received by the mi ce durin g a 3-h ex posure 
was approximately 48.6 kj / m2 Fo r irradiation , the dorsal fur of 
the mice was removed with electric clippers, and the mice were 
placed in individual compartm ents in a cage located on a shel f20 
em below the light bulbs. During irradiation , the ears o f the mice 
were protected with black electrical tape, which was removed 
immediately after the treatment. Control mice were treated ex-
actly as the irradiated mice were except for the exposure to UV 
radiation. C hronically UV -irradiated mice were exposed to FS40 
sunlamps for 1 h , 3 times per week, fo r 16 weeks. 
Contact Hypersensitivity The abdominal fur was removed 
from the mice with electric clippers; the skin was then shaved 
with a razor blade to remove all traces of hair. The skin was 
painted with 100 JLI o f 3% (w/v) TNC B in ace tone, or 100 j.tl of 
3% (w/ v) 4-ethoxymethylene-2 phenyl o xazol-5-one (oxazolone) 
in ethanol. The mice were tes ted 6 days later by applying 5 j.tl 
of 1% TNC B in acetone or 3% oxazolone in olive oil to both 
surfaces of each ear. Ear thickness was measured before and 
24 h after challenge w ith a spring-loaded micrometer (Swiss Pre-
cision Instruments, Los Angeles, Califo rnia) . The specitic ear 
swelling w as obtained by subtracting the amount of ear swelling 
observed in mice that were challenged but not sensitized from 
that observed in mice that were sensitized and challenged. Each 
group contained at least 5 mice . 
Splenic APC Spleens were removed aseptically fro m donor 
mice and teased apart in Hanks' balanced salt solution (HESS). 
T he suspensions were filtered through nylon gauze to remove 
clumps, and the cells were washed, refiltered, and resuspended 
in complete Eagle's minimal essential medium containing 10% 
fetal bovine serum . The cells were plated in 20 ml on 150-mm 
tissue culture dishes for 1 h at 37"C in a humidified incubator 
with a 5% C0 2 and air atmosphere. N onadherent cells were 
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removed by repeated rin sing with warm HESS, and 15 ml of 12 
mM xylocaine hydrochlo ride in wa rm H E SS w as added to each 
plate. After 5 min , the adherent cells, which were approximately 
80% macrophages, were removed fro m the plates by vigorous 
pipetting. The cells were washed twice, resuspended in cold HBSS, 
and layered on cold 50% (v/v) Percell in phosphate-buffered 
saline. Four milliliters of cell suspension containing 1-1 .5 X 108 
splenic adherent cells were la yered on 5 ml of 50% Percoll in a 
12-ml conical tube. T he cells were spun at 2500 rpm at 4°C for 
15 min . Cell s at the interface were collected and washed 3 times. 
Between 3-5% of the starting number o f nucleated spleen cells 
remained at the end of the procedure. The proportion o f Ia + cells 
from C3H- mice increased fro m approximately 25% in w hole 
spleen cell preparations to 60% after Percoll bandin g, as deter-
mined by indirect immunoflu o rescence with anti-l ak monoclo nal 
antibod y (Hybrido ma 26-7-11S, Litton Bionetics, Inc., Kensing-
ton , M aryland). The number ofT lymphocy tes decreased from 
37% to approximately 15%, as determined by indirect imm u-
noflu o rescence using a rabbit antim ouse brain-associated Thy 1 
antiserum (Cedarlane Labo rato ries, Westbury, N ew Yo rk) . T he 
APC were conju gated with TNP by incubatin g th em fo r 15 min 
at 37°C in 10 mM recrys tallized trinitrobenzene sulfonate (TNBS) 
in HESS at pH 7.0. After incubation , the cells were washed twice 
to remove un conjugated hapten. The cells were inj ected s.c. at 2 
sites on the ventral side of the mi ce to induce DHS. 
Epidermal Cells Suspensions of epidermal cells (EC ) were pre-
pared from the shaved trunk skin of normal mice. The skin was 
excised , and the underly ing connective tissue was removed by 
scraping w ith a scalpel blade. The skin was cut into 3-cm squares 
and fl oated , dermis down, in warm EDT A at 37°C for 30 min. 
The pieces were rinsed in HESS and fl oated o n 0.25% trypsin 
ove rni ght at 4°C. EC were scraped fro m the dermis into warm 
0.25% trypsin containing 0.025% DN ase. The cells were washed 
3 times in HESS and resuspended at 2 X 107 cells / ml. An equal 
volume of 20 mM TNBS w as added , and the cells w ere incubated 
for 30 min at 18°C. The cells were w ashed 3 times in HBSS, 
counted, and injected in 0.1 ml at 2 ventral s.c. sites fo r immu-
niza tion with TNP-coupled epidermal cells (TNP-EC) . The vi-
ability o f the preparations injected was between 78-83%. 
TNP-SC In some experiments, mice sensitized w ith TNCB 
were challenged with TNP-SC. Spleen cell suspensions w ere pre-
pared as described above. After being washed, the cells were 
resuspended in Tris-NH4Cl solution for 2 min to lyse the ery th-
rocytes. T en volumes of HESS were added , and the cells were 
washed twice before conju ga tion with TNBS. C onjuga tion with 
TNBS was ca rried out as described fo r splenic APC. These cells 
were suspended in HESS and inj ected s.c. w ith a 30-gauge neeciJe 
into the do rsal base of the pinna in a volume of30 JLI. Ear thickness 
was measured at the edge o f the pinna, distal to the site o f inj ec-
tion, befo re and 24 h after challenge. Inj ection of TNP-SC into 
th e ears of sensitized mice resulted 24 h later in marked dermal 
edema and in filtration of mononuclear leukocytes and an occa-
sional polymorphonuclear leukocyte. Injection of TNP-SC into 
the ears of unsensitized mice produ ced no evidence o f a cellular 
infilt ra te at 24 h. 
Prednisolone Treatment Mice were inj ected i.p . w ith 1 mg 
methyl-prednisolone succinate (Abbo tt Laborato ries, C hicago, 
11linois) in 0.5 ml saline daily for 4 consecutive days, beginning 
on the day o f UVB irradiation . 
Reconstitution of x-Irradiated Mice Spleens w ere removed 
fro m norm al mi ce and mice given a 3-h treatment w ith U VB 
radiation 3 da ys earlier. Single-cell suspensions were prepared. 
and 1 X 1 0~ cells were inj ected i. v. into mice that had received 
a lethal dose (850 R) of x-irradiation 24 h earlier. One week later, 
the reconstituted mice were sensitized with oxazolone for thf' 
indu ction of C HS, as described above. 
Transfer of Suppressor Cells Chronically UVB-irradiated and 
age-matched normal mice were sensitized with o xazolone, as de-
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scribe d a bove. Seven da ys later, their spkcns and spleens from 
unsen siti zed mi ce were rem oved, and sin g le-cell suspensions wen: 
prepa red. G ro ups of no rm al mi ce were injected i. v. w ith 1 X 
10s spleen cell s from th e spleen do no rs and were immed iate ly 
sens iti zed with oxazo lo nc for indu ctio n o f C H S. 
Statistical Evaluation The pro babilit y of no differen ce (P) be-
rween treatment g roups was calculated usin g Student's 1-test fo r 
independe nt va ri abks (2- ta il cd). Each g ro up contained 5-10 an-
ima ls, and each experiment was perfo rm ed 2 o r 3 tim es inde-
pen dently . 
RESULTS 
[mmunization with TNP-APC and TNP-EC In a previous 
study [27) we demonstrated that UVB-irradiared mice immu-
nized wi th normal , TNP-coupled , adherent spleen cell s exhibited 
a norma l car-swell ing res ponse to inj ected TNP-SC but not to 
epicutaneous TNCl3. To determine whether the defi ciency in the 
respo n se of UVB-irradiared mice to TN C B could be overcom e 
by immunization with other, more effective preparations of A PC, 
we ca rrie d o ut experiments w ith partiall y purified splenic APC 
and w ith EC suspensions. We show in Fig 1 that even when 
preparations hi ghl y enriched in spleni c APC arc used for im-
muniza tion , th e res ponse of the UVB-irradiatcd mi ce to TNCB 
appli e d e picutancou sly to the car docs not reach the level ex hibited 
by unirradiated anim als. Also, APC derived from UV £-irradi-
ated donors were eq ui valent to norm al A PC in their abi lity ro 
imm unize normal an d UVB-irradiated recipients. EC suspen-
sions, d e rived fro m the skin of unirradiated mice and coupled in 
vi tro w ith TNP, were also highl y effi cient in immunizin g normal 
mice to respond to ep icutancous TNC13 (Fig 2). However, th e 
response o f UVB-irradiatcd mi ce was still impa ired fo llowin g 
such immunization. 
Effect ot Methylprednisolone on Suppression of CHS and 
DHS Because so m e o f the effects of UV13 radiation arc th ought 
10 result from the release of medi ators of inflammation 17,28,29 ], 
we res te d the effects o f the anti-inflammatory agent methylpred-
niso lo ne o n the systemic suppression ofDHS and C HS followin g 
UVB irradiation . Mice were exposed to UVB on day 0, and 
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Figure L C HS response to TNP-APC in normal (NR) and UVB-irra-
dia ted mice . Enriched splenic APC from UVB-i rradiated or NR donors 
were conju ga ted with TNP and injected s.c. in the doses indica ted into 
UVB-irradiated or normal mice. Six days later, the mice were challenged 
with 1% TNCB on the ca rs. Solid li11es = NR-TNP-APC. Broke11 lillt's 
= UV- T NP-APC. 
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Figure 2. CI-I S response to T NP-EC in normal (NR) and UVB-irra-
diatcd mi ce . Epiderma l ce ll suspensions from NR mi ce were conju ga ted 
with TNI' and injected s.c. at the doses indicated into UVB-irradiated 
or normal mice. Six days later, the mice were challenged with I Of., TNCB 
on the ea rs. 
inj ected i. p. with I mg meth ylpredniso lone on days 0, 1, 2, and 
3. O n day 4, th e animal s were immunized by applying TNCB 
to abdom in al skin , and on day 10 th ey were challenged on th e 
cars w ith TN CB o r TNP-SC. In Table I, we show that UVB 
radi ation suppressed the response of mice to TNCB (group 5) 
and that the suppress ion was un affected by treatm ent with meth-
ylpredn isolone (group 6). In contra st, the suppression of the re-
sponse to TNP-SC by UVB radiation (group 11 ) was co mpletely 
prevented by treat ment w ith the anti-inflammatory drug. 
Other Characteristics of UVB-Induced Suppression of 
CHS To determi ne w hether the redu ced C H S response in UV 13-
irradian.:d mi ce invo lved an alteration in the activity of lympho id 
cells, we attempted to transfer the effect by reconstitutin g lethall y 
x-i rradiatcd mi ce with spleen cells fro m syngeneic, UVB-irra-
di ated donors. As shown in Table II, x-irradiated mi ce reconsti-
tuted with spleen cells from mice given a single 3-h exposure to 
UVB rad iation exhibited a signifi ca nrl y low er response to contact 
sens iti za tion th an mice reconstituted with normal spleen cells . In 
this experiment, th e mi ce were sensiti zed 10 days after th e UV B 
irradiation in order to permit immuno logic recove ry of the 
x- irradia ted mice. Probabl y for this reason, the amou nt of 
suppression observed followi ng UV B irradiation is somewhat less 
than in other ex periments in w hich mice were sensitized at the 
opti mal t ime (e.g . , 3-5 da ys after UVB treatment) [20]. N one-
th eless, it is clear that decreased responsiveness to contact sen-
sitizat io n ca n be transferred w ith lymphoid cells taken from mi ce 
3 days after exposure to UVB radiatio n. 
A strikin g feature of certain UVB-associared immune altera-
tions is their reversal in the presence of continued exposure to 
UVB rad iation . In mice chronica ll y exposed to UVB, DHS to 
D N CB is decreased initiall y and then eventuall y recovers to a 
norma l level [6,81. Suppression of th e hos t co mponent of the local 
g raft-versus-host reaction fo llows a similar rime course [6] . Also, 
the initi al infiltrati on of infl ammatory cells into the skin and the 
elevation of acute phase reactants in serum of UVB-irradiated 
mi ce both return to normal upon co ntinu ed irradiation (29,30]. 
O n the other hand , susceptibilit y to the g rowth o f UVB-indu ced 
tum o rs and the presence ofTs th at inhibit rumor rejection persist 
indefi nitely in chronicall y UVB-irradiatcd mice 12-4]. To deter-
min e w hether suppression of C HS persisted in chro nica ll y UV B-
irrad iated mi ce, we performed the fo ll owin g experimen t. Mi ce 
were exposed dorsa ll y to FS40 sunlamps fo r l h, 3 times a week 
fo r 16 weeks and then sensitized on ventral sk in with oxazo lone. 
Seven days later, their spleens were removed, sp leen cell suspen-
sions were prepared, and the cells were injected i. v. into normal 
syngeneic recipients to rest for the presence of suppressor cel ls. 
The chronica ll y irradiated mi ce could no t be res ted for C HS di-
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Table I. Effect of Methylprednisolone on UVB-Induced Suppression of C H S and D H S 
Ear Swell ing ± SO'' 
Group T reatment" Sensitization'' Challenge' (em X J0 - 3) t:.·· % Suppress ior/ 
I TN CB 4.9 ± l.4 
2 T N C B T N CB 17.5 ± 5.2 12.6 
3 Pred TNCB TNCB 15.4 ± 4.4 10.5 17 
4 UVB TNCB 4.0 ± 1.5 
5 UVB TNCB TN CB 5.8 ± 2.8' 1.8 86 
6 UVB. Pred TNCB TN C B 6.2 ± I. 71' 2.2 83 
7 T N P-SC 1.7 ± 1.2 
8 T N CB TNP-SC 6.5 ± 3.7 4.8 
9 Prcd TNCB T NP-SC 5.8 ± 3.9 4.1 15 
10 UVB TNP-SC 2.0 ± 1. 2 
II UVB T N CB TNP-SC 2.9 ± 1.7; 0.9 81 
12 UVB , Pred T N C B TNP-SC 7.0 ± 2.4 5.0 0 
"Prcd = I mg methylprednisolone i.p. on d• ys 0, I, 2, and 3; UVB = "single 3-h exposure to FS40 sunlamps on day 0. 
'Three percent trinitrochlo robcnzene (TNCB) in acetone (100 J.Li) app lied to shaved abdominal skin on day 4. 
'TNCB = 5 p.l of I% TNCB in •cetone applied to each car surface; TNI'-SC = 25 p.l of I X 107 trinitrophenyl-couplcd nucleated spleen cells injected into the base of 
the ca r. Challenge occurred on day I 0. 
11 Ears were measured before and 24 h after challenge. Ear swell ing = mean thickness ar 24 h minus mea n thick ness before challenge. Five mice per group . 
ra = ca r swelling of sensiti zed mi ce min us ear swel lin g of challenged. but unscnsit izcd mi ce. 
1(1 - tJ. of rest group + tJ, of control group) X I 00. 
-'P < 0.000 1 compared with group 2. 
1
'P < 0.0001 compared with group 3. 
'P = 0.03 compared with group 8, and I' = 0.004 compared with group 12. 
rec tly because of the difticulty involved in protecting their ears 
from exposure to UVB radiation over a long period of time . As 
shown in Table III , suppressio n of CHS to oxazolone was ob-
served in mice inj ected with spleen cells from UV B-irradiated, 
oxazolone- sensitizcd donors but not from UVB-irradiated, un-
sensitized or unirradiated donors. This result indica tes that the 
induction ofTs following con tact sensit iza tion is not reversed in 
chron icall y UVB-irradiated mice. 
D ISC U SSIO N 
These studies demonstrate that the reactions eli cited by injection 
of hapten-conjugated ce lls and by epicutaneous application of 
hapten are not eq uivalent and interchangeable. T his concl usion 
is based o n several differen ces between the 2 reactions in UVB-
irradiated animals. First, many studies have shown that the re-
action to injected, hapten-conjugated cells can be restored in UVB-
irradiated mice by immunizin g them with a sufficient number of 
hapten-conjugated APC from normal donors [9,20,27,28]. In 
contrast, even large numbers of h ig hly enri ched splen ic APC or 
EC fai l to sensitize UVB-irrad ia ted mice for CHS elicited by 
epicutaneous TNCB. T his d eficien cy is not due to an impairm ent 
in the elicitat ion phase of the CHS response, because C H S can 
be elicited b y T N CB painting following passive sen si ti za tion of 
UVB-irradiated mi ce with imm une lymphocytes [31 ]. Second, 
treatment of mice wi th an anti-infl ammatory drug after U VB 
irradiation prevented sys temic suppression of DHS to TNP-SC, 
but had no effect on suppression ofCHS to TNCB. Third, U VB-
indu ced suppress io n of DHS could not be transferred to x-irra-
diated m ice with spleen cells [8 ], but suppressio n of CHS was 
transferrable (Table II). Fourth, although the experiments are not 
exactly comparable , it appears that suppression of DHS m ay be 
tran sient in chro nicall y UVB-irradiated mice [6,8], w h ereas 
suppression of CHS may be long-lived. 
T hese differences between the CHS and DHS reactio n s may 
be ana logous to those described b y Gcll and Ben acer raf [32,33] 
in studies of DHS to hapten-protein conjuga tes and CHS to the 
same hapten in g uinea pigs. They con cluded that DHS and CHS 
were cross-reactin g systems with different carrier specifi cities. 
Our finding that the 2 reac tions can be dissociated in U VB-
irradiated mice is consistent with this v iew and provides infor-
mation on the cellular bas is of the cross-reactivi ty . The fact that 
DHS can be induced in UVB-irrad iated mice in the absen ce of 
CHS indicates that the cross-reactivity observed following im-
munization wi th either TNCB or TNP-SC results from activation 
Table II. Con tact Hypersensitivity in X-Irradia ted Mice Reconstituted wi th Lymphoid Cells 
from N o rmal or UVB-Irrad iated Donors 
Cells 
Group Transferred" 
Treatment of Ea r Swelling ± SO' 
Recip ient s~> (em x 10 - 3) t:.'' % Suppression' 
I None N one 7. 1 ± 2.6 
2 N one OXA 25.8 ± 2.9 18.7 
3 None UVB 6.5 ± 1.4 
4 None UVB,OXA 16.7 ± J.7f 10.2 45 
5 Normal 850 R 8.2 ± 1. 9 
6 Normal 850 R, OXA 30. 1 ± 4.0 21.9 
7 UVB 850 R 11.8 ± 3.7 
8 UVB 850 R, OXA 18.1 ± 1.9·' 11.3 49 
'Spleen cells (5 X 107) injected i. v. I day after x-ray treatment and 3 days after UVB irradiation. 
'OXA = 100 p.l of 3% oxazolone in ethanol given 7 days after reconstitution (10 days after UVB); UVB = a single 3-h exposure to FS40 sunlamps; 850 H = a lethal 
dose of whole body x-irradiation. 
'Twenty-four hours after challenge with 3% OXA in oli ve oii on each car surface. 
dtJ. = ca r swelling of sensitized mice minus car swelling o f challenged, but unsensitizcd mice . . 
'( I - tJ. of test group + tJ. of control group) x 100. 
fp < 0.0001 compared with group 2 . 
. <p < 0.0001 compared with group 6. 
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Table III. Induction o f Suppressor Cells to O xazolone in C hronicall y UVB-Irradiatcd Mice 
Group 
1 
2 
3 
4 
5 
6 
Cells T ransferred'' 
None 
None 
Normal 
Normal, OX A 
UVB 
UVB, OX A 
Treatment of Recipients" 
None 
OX A 
OXA 
OXA 
OXA 
OXA 
Ea r Swelling :!: SO' 
(em x 1o -.1l (l <f % Suppression·· 
12.9 :!: 1. 8 
30.3 :!: 5.0 17.4 
31.4 :!: 3.7 18.5 0 
30.3 :!: 4. 1 17.4 0 
32.2 :!: 3.0 19.4 0 
20. 1 :!: 3.6.1 7.2 59 
"UVB mi ce exposed to FS40 sunlam ps for I h 3 rimes per week fo r 16 weeks; normal = age-marched, un irrad i:n:cd mice: OX A = 10() J.LI of3o/o oxazolonc in cth :mo l 
applied cp i cura nco~-~ ~ l y. Fi~c days af~c.r scns.i ri zation w ith OXA, 1 X tOM spleen ce lls were injected i.v . in to normal mice. 
bM icc \vc rc scnstttzcd wath OXA am med iatel y after ce ll tra nsfer. 
'Twenty-four ho urs after challen ge wi th 3°/o OX A in o live o il on each car sur f.1cc . Ten mi ce per group. 
J6 = car swellin g of sens itized m ice minus ca r swelling o f challenged, but unscnsit izcd mi ce. 
'(I - A of test group -;- 1:!. o f co ntrol group) X 100. 
Jp < 0.0001 co mpa red with gro up 4 and gro up 2. 
of a t leas t 2 separate clones o f antigen-reactive cells, o ne res pon-
sive to T N P-SC and one responsi ve to TNP-"skin antigens ." It 
rules out the alternative possibility that cross-reac tivity results 
fro m ac tivation of a single antigen-reactive clone that can be 
trigge r e d by bo th T NP-SC and TN P-"skin antigens." 
The findin g th at D HS can be resto red in UVB-irradiated mice 
by m e th y lprednisolone treatment but th at the C HS reaction can-
not, s u ggests that the 2 reactions arc suppressed by different 
mech a nis m s. Suppression o fDHS fo llowing short-term exposure 
of mice t o UV B radiatio n appea rs to result from a transient de-
pleti o n of splenic APC, caused by emigration of these cells from 
the spleen to irradi ated skin and its draining lymph nodes in 
res po n se t o UVB- induced inflammati on. T his conclusion is based 
on the fo llo wing evidence. First, cell transfer studies demon-
stra ted that an early step in the induction of DH S, befo re lym-
phocy te activatio n, was affected by UVB- irradiatio n [8]. Second, 
a DHS r esponse could be generated in UVB-irradi ated mice by 
immuni za tio n with TNP- SC deri ved from norm al but not UVB-
irradiate d mice [9]. Third , the ac ti vity of splenic APC obtained 
fro m UVB -irrad iated mice was impaired in va rious in vitro assays 
[21 - 24] , a nd the impaired ac tivity co rrelated with a decrease in 
the nun~ber of Ia + cells in the spleen (23]. Fo urth , the decreased 
APC activ ity in the spleen of UVB-irradiated mice was paralleled 
by an in c rease in the APC acti vity in lymph nodes draining the 
irra di a t e d skin , and th e increased APC acti vity in lymph nodes 
was abroga ted by splenectomy (24] . Fifth, similar changes in APC 
activity could be produ ced by topica l appli cation o f an inflam-
mato ry agent (24]. Six th , UVB irradiation stimul ated the accu-
mula ti o n o fradio labeled lymphocytes in skin and draining lymph 
nodes (25 ,34] . O ur study adds to these lines o f evidence the find-
ing tha t trea tment o f UVB-irradia ted mice w ith an anti-inflam-
mator y drug abroga tes systemic suppression o f D HS. 
T h ese e vents do not account for the suppression of C HS by 
UVB r a diati on , however. There appears to be no such correlation 
between the induction o f inflammation in skin by UVB radiation 
and th e s y stemic suppression of C H S, accompanied by the de-
velopmcnt o f antigen-specific Ts. The 2 phenomena could be 
separa ted by the use o f different narrow wavebands of UV ra-
diation (35] . Also, inflammatory agents fa iled to suppress C H S 
and induce hapten-specific Ts (27,28], an anti-inflammatory agent 
did not abroga te suppressio n (Ta ble 1) , and no rmal APC were 
unable to overco me suppression (Figs 1, 2) [27]. The fac t that 
DHS but no t C HS is affected by perturbations in spleni c APC is 
most likely explained by the fac t that splenic AP C are not req uired 
fo r induction of C H S. Considerable evidence in dica tes that epi-
dermal Langerhans cells serve as APC in the induction of C H S 
f36J. Furtherm ore, several studies have demonstrated that Lan-
gerh ans cells in the unexp osed skin of UV B-irradiated mice (a t the 
sites of contact sensitiza tion and eli citation) are mo rphologica ll y 
and fun ctio nally unaltered (34,37,38]. Thus, mobiliza tion of APC 
during cutaneo us inflammation may deplete the spleen of cells 
required for the development of DHS to antigens injected s.c. , 
but it docs not appear to affect the APC present in unexposed 
skin . 
If APC at the sites o f contact sensitiza tion and elicitatio n are 
unaffected by UVB irradiation, then what is the mechanism by 
which C HS is suppressed? U sing the 2-clone model for cross-
reactivity mentioned above, we propose the hypothesis that U V B 
irradi ation induces immuno logic tolerance to modified "skin an-
tigens." According to this model (Table IV), immunization of 
no rmal mice with TNP-SC or T N C B results in activation of 
TNP-SC-rcactive clones, demonstrable by challenge w ith T N P-
SC, and also TNP-"skin antigen "-reactive clones, demonstrable 
by TN C B painting (groups 1 and 2). However, immunization 
of UVB-irradiated mice with TNC B (group 3) fails to stimulate 
either clone because tolerance prevents activa tion of TNP-"skin 
antigen "-reacti ve clones, and defi cient splenic APC fun ction pre-
vents acti va tio n of T NP-SC-reactivc clones . The latter problem 
can be overcome by immunization with norm al donor (NR)-
TNP-SC (group 4) or by treatment with prednisolone (g roup 5), 
resultin g in the ability to elici t DHS with T NP-SC; however 
neither procedure affects tolerance to T NP-"skin antigens, " re-
Table IV. Two-C lone Model fo r Cross-Reactivity o f Delayed H ypersensitivity and Contac t H ypersensitivity'' 
Group 
1 
2 
3 
4 
5 
UVB 
+ 
+ 
+ 
Immunization" 
NR-T NP-SC 
T NCB 
T NCB 
NR-TNP-SC 
PRED, T NCB 
Response to Cha ll e n ge~. 
TNP-SC 
+ 
+ 
+ 
+ 
TNCB 
+ • 
+ 
Antigen-Reacti ve Clones Activa ted' 
TNP-SC 
++ 
+ 
++ 
+ 
T NP-"Skin Antigen" 
+ 
++ 
4M icc arc immun ized by s.c. injection of trini trophcnyl-couplcd spleen cells (TNP-SC) derived fro m normal (NR) donors. or by cpicutancous painting wi th trinitro-
chlorobcn zcne (TNCB). !'R ED = treatment with meth ylpredniso lone after UVB and before sensitiza tion. 
'Responses observed in these experim ents. 
'Postulated response of clones activa ted by immuniza tion. Symbols indicate hi gh ( + + ). low ( + ), or no (-) response. 
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suitin g in little or no elicitation o f CHS with TNCB. The ability 
to tran sfe r unrespo nsiveness to TNCB to lethally x-irradiated 
mice with lymphoid cel ls from UVB -irradiated , nonsensitized 
donors suppo rts the h y po thesis that UVB radiation induces tol-
eran ce to TNP-"skin anti gens." In addition , we pro pose that the 
UVB-indu ced to leran ce m ay resu lt from the generatio n o f ca rrier-
specific T lyntph ocy tcs. T hese cells would be directed against 
m odified skin antigens and would participate in the productio n 
of anti gen-specifi c Ts upon stimul atio n w ith an appropriate hap-
ten-skin anti gen conjuga te. The findin gs that tolerance can be 
transferred usin g spleen cells from UVB-irradiated, unprimed 
mice but that induction ofTs req uires priming with antigen sup-
port thi s h ypothes is. Also, such carrier-specifi c, "suppressor-
indu cer" cells have been described in o ther syste m s, nota bl y in 
th e regulatio n of experim en tal allergic e ncephalom yelitis [39], and 
they have the sa me Ly t pheno type (Lyt j ·•·z -· ) as the cells in volved 
in UV B-induced suppress io n of C HS and tum o r rejection [40] . 
This hypothes is is parti cularly attract ive beca use it could also 
account for the occurrence and unusual specift city of the Ts that 
inhibit the rej ection of UVB-indu ced skin ca ncers. Although these 
tumors exhibit individual tum o r-specific transplantation antigens, 
T ly mphocytes from UV-irrad iated mi ce suppress the rejec tio n 
of all UV -induced skin can cers [3] . We postu la te, there fo re, that 
the suppressor-inducer cells arc specifi c for a m o difi ed skin an-
tigen that serves as a carrier molecule fo r both h aptens that induce 
C H S and · for tumor-specific tran splantation anti gens. 
The teclllliw l assistai!CC of E1Jely 11 McC /mdo11 is ackriOwledgcd with thn11ks. We 
also thn11k A lice Brmrerr .fi,· assistan ce in preparing til e nwn11script . 
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